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The vegetation , soil chemistry characteristics and alti-
tudinal distributions of 23 habitats in 7 habitat complex-
es on sub-Antarctic Marion Island (41'S, 38"E) are 
described. The habitat complexes (number of habitats 
in complex) are : Coastal Salt-spray Complex (2) ; 
Fellfield Complex (2) ; Slope Complex (6) ; Biotic 
Grassland Complex (3) ; Biotic Herbfield Complex (3); 
Mire Complex (6) ; Polar Desert Complex (1) . The habitat 
classification closely reflects the between-habitat varia-
tion in the relative magnitudes of the main forcing vari-
Introduction 
The vegetation of sub-Antarctic Marion Island (47"S. 38° E) 
was classified and described by Huntley (1971 ) and by 
Gremmen (1981). Both classifications were based on floris-
tic composition ; in the earl ier one the relevees were grouped 
into floristically-similar groups using a process of successive 
approximation (Huntley 1971) while the latter employed the 
Braun-Btanquet approach described by Westhoff and Van 
der Maarel (1978). The island's harsh environment and 
impoverished flora result in a close coupling of plant com-
munity structure with abiotic (temperature, exposure, mois-
ture. soil depth and chemical composit ion , wind-blown salt-
spray) and biotic (manuring and trampling by seabirds and 
seals) factors. In both classification schemes the floristic 
composition and distribution of the plant communities were 
subjectivety, but very informatively. rela ted to abiotic and 
biotic information ; both schemes thus implici tl y define the 
island 's terrestria l habitat types according to the main pat-
terns of abiotic and biotic variation in the island 's ecosystem. 
The island has been chosen as a core site in an interna-
tional research program 'Regional Sensi tivity to Climate 
Change in Antarctic Terrestrial Ecosystems' (RiSCC; see 
http ://yerseke.cemo.n ioo.knaw.nllriscc/) aimed at under-
standing how Antarctic and sub-Antarctic organisms, com-
munities and ecosystems respond to the marked climatic 
change that is currently occurring in the region . To this end 
a formal, more quantitative classification of the island's habi-
tats tha t can serve as a framework against which to detect 
abies that determine ecological succession on the 
island (moisture, exposure, parent soil material , salt-
spray and manuring and trampling by seals and 
seabirds) . Hence, it can serve as a framework against 
which to detect and evaluate ecological responses to 
the marked c limatic change currently occurring in the 
sub-Antarctic. Suggestions are made on how the habi-
tats might respond to climatic change (warming, drying) 
and other perturbations (increasing or decreasing influ-
ences of salt-spray and manuring). 
and evaluate the biological and ecological responses to cli-
mate change was needed. Smith and Steenkamp (2001) 
recently formulated such a classification from a canonical 
correspondence analysis (CANOCO 4. Ter Braak and 
-milauer 1998) of the patterns of variation in vegetation and 
soil chemistry across 176 sites. The sites were clustered by 
their scores on the canonical correspondence axes using a 
weighted pair-group average linkage procedure (Sneath and 
Sakal 1973) and the clusters formed the basis of the habitat 
classification. 
Two criteria were paramount in formulating the classification: 
(1) As far as possible it should emphasise variation between 
habitats in ecological functional attribu tes (primary pro-
duction , decomposition, soil microbial activity, nutrient 
cycling), related to differences in the relative magnitudes 
of the important environmental forcing variables. 
Essentially, what was aimed at is analogous to the con-
cept of ecosys tem fu nctronal types expressed by 
Shugart (1997). but at a smatler spatial scale. 
(2) The classification should be user-friendly; persons with a 
minimum of botanical or soil expertise should be able to 
understand and use it. To this end . the CANOCO analy-
sis was repeated several times, with the plant species 
being successively grouped into increasingly broader 
guilds The guilds were based mainly on plant-growth 
form but in some cases on taxonomic characteristics 
(e.g. lichen, pteridophyte) or combinations of taxonomic 
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and ecological characterist ics (e.g. mire bryophyte, epi-
phytic graminoid). The groupings tested first were those 
previously shown to be useful in multivariate analyses of 
subpolar vegetation types (e.g. Webber 1978, French 
1981 , French and Smith 1985). Thereafter, other group-
ings were created, based on similarities in the canonical 
axes weightings. After each analysis the canonical axes 
and the way in which they clustered the sites were eval-
uated against the criterion (1) . 
The objective of this re-iteration of the ordination and clus-
tering procedures was to define plant guilds that can be 
identified with a minimum level of plant taxonomic knowl-
edge but that result in canonical gradients and site cluster-
ing patterns that correlated well with combinations of soil 
chemistry variables, and that could be readi ly interpreted 
against what is al ready known of the island's ecology. The 
final guilds decided on were; Tussock Graminoid , Mire 
Graminoid , Epiphytic Graminoid , Poa annua:, Deciduous 
Shrub, Mat Dicot, Cushion Dicot, Rosette Dicot, Erect Dicot, 
Pteridophyte , Cushion Bryophyte, Mire Bryophyte, 
Brachythecium Mosses, and BryumlBreutelia . The criteria 
on which these guilds were based, and what species were 
ascribed to them, are explained in Smith and Steenkamp 
(2001). 
Smith and Steenkamp (2001) also provided details of how 
the habitat classification was formulated; they described the 
CANOCO results, interpreted the environmental gradients 
represented by the canonical axes , showed how the sites 
grouped along combinations of the axes, and designated the 
groups into 23 habitats in 7 habitat complexes. They also 
provided a key to the habitats and a summary (minima and 
maxima) of the botanical and soil chemical parameters for 
each habitat. Here, we describe the habitats in detail and 
present a more comprehensive account of their botanical 
and soil chemical compositions, based on the 176 sites orig-
inally used to compile the habitat classification and also 
another 86 sites for which data from other ecological inves-
tigations were available. We also describe the altitudinal dis-
tribution of the various habitats and how they might respond 
to climatic change. 
Methods 
Fieldwork related to this investigation was carried out from 
1983 to 1999. Vegetation and soil chemistry information 
from other studies carried out between 1971and 1993 was 
also incorporated into the data base used for this paper. 
The area occupied by each habitat in 17 transects (500m 
wide, 73.5km total length, 12% of island's total area) was 
determined . The transects each ran from the coast to the 
mountainous interior of the island and were located as fol-
lows: two transects on the east side of the island between 
the meteorological station and Macaroni Bay,' four transects 
on the south-east side between Sealer's Cave and Kildalkey 
Bay, six on the south side between Crawford Bay and the 
middle of Santa Rosa Valley, three on the west side between 
Mixed Pickle Cove and Kampkoppie, and three on the north 
side between Storm Petrel Bay and Prinsloomeer (map 
locality names are those given in Langenegger and 
Verwoerd 1971). The areas occupied by the various habitats 
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on the island as a whole were obtained by extrapolating the 
transect data. Here, the areas of each habitat are presented 
for four alt itudinal zones; 0-100m above sea level, 
100- 300m a.s.l .. 300- 500m a.s.1. and >500m a.s.l. . 
Eight soil cores (7cm diameter) were taken from each of 
the 176 sites considered in the original habitat classification , 
site; four of these were used to determine bulk density and 
the other four used to determine moisture content and 
chemical composition. Hence, four values of each soil vari-
able were obtained per site and the mean of these was 
entered into the data base used to compile Table 3. Between 
2 and 28 core samples were analysed for the 86 additional 
sites, and the within-site means added to the data base. 
Bulk density was determined by measuring the volume of 
the soil cores and then drying them at 105' C to constant 
weight. Fresh subsamples of the soil cores were used to 
determine the following : pH (combination electrode 
immersed in a slurry of 10g peat : 20 ml water); NH,-N (on 
0.5M NaCI extracts by the phenol-hypochlorite reaction, 
Solorzano 1969); NO, and N03-N (Greiss-liosvay reaction 
on the same extracts, N03 being reduced to N02 with 
spongy cadmium; Mackereth et al. 1978); PO,-P (extraction 
with ion-exchange resin , Smith 1979a); soil solution concen-
trations of Ca, Mg, Na and K (atomic absorption of filtered 
slurries of five parts water to one part soil mixture). All these 
determinations were undertaken within 12 hours of sam-
pling , the soil sample being kept at 4-6'C in the interim. All 
concentra tions were expressed on a dry soil mass basis 
using the moisture content obtained by drying a subsample 
of the soil at 105' C. 
Air-dried subsamples of the same soil cores were used to 
determine: Organic carbon (Walkley-Black procedure , 
Allison 1965 - except that a 0.33M instead of 0.17M 
K2Cr20 7 oxidising solution was employed , enabling a larger 
subsample to be used in the analyses); Total N (titration after 
steam distilling the NH,-N in H,SO,-K,SO,-CuSO,-Se 
digests of salicylic acid-treated soil into boric-acid/indicator 
solution); Exchangeable cations (atomic absorption spec-
trophotometry on unbuffered, pH 7, ammonium acetate 
extracts) . After washing out the excess NH, OAc with with 
isopropanol the same samples were used to determine the 
cation exchange capacity (CEC) by measuring the amount 
of adsorbed NH; displaced by Na> (as NaCI). 
Exchangeable cation levels are reported as percentage sat-
uration of CEC. Tota l Ca, Mg, Na, K and P concentrations in 
the air·dried soils were determined using a mixed·acid 
digestion procedure (Smith 1979b). All concentrations 
measured on the air-dried samples were converted to an 
oven-dry mass basis. 
Results and Discussion 
The habitats 
The habitats and habita t complexes are listed in Table 1 and 
their botanical and soil chemical compositions summarised 
in Tables 2 and 3. 
The Coastal Salt-spray Complex comprises two habitats, the 
Coastal Herbfield Habitat (1 .1) and Coastal Fellfield Habitat 
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Table 1: The habitats and habitat complexes of Marion Island and their representa tion in four altitudinal zones, as a percentage (%) of the 
total area and the actual area (hectares, hal occupied in each zone 
Complex IHabitat 
o to 100m 
% 
1. Coastal Salt-spray Complex 
1.1 Coastal Herbfield Habitat 0.9 
1.2 Coastal Fellfield Habitat 0.6 
2. Fel/fie/d Complex 
2.1 Xeric Fell field Habitat 1.2 
22 Mesic Fel1field Habita t 32.1 
3. Slope Complex 
3.1 Open Fernbrake Habita t 3.3 
32 Closed Fernbrake Habitat 19.2 
3.3 Mesic Fernbrake Habitat 1.4 
3.4 Dwarf Shrub Fernbrake Habitat 1.4 
3 5 Slope Drainage Une and t 0.9 
Streambank Habita 
3.6 Spring and Flush Habitat <0 .1 
4. Biotic Grassland Complex 
4.1 Coastal Tussock Grassland Habitat 1.2 
4 .2 Inland Tussock Grassland Habitat 0.1 
4 .3 Pedestalled Tussock Grassland 0.2 
Habilat 
5. Biotic Herbfield Complex 
5.1 Cotula Herbfield Habitat 3.6 
5.2 Biotic Mud Habita t 0.4 
5.3 Biotic Lawn Habita t 1 1 
6. Mire Complex 
6 1 Dry Mire Habitat 10.4 
6 .2 Mesic Mire Habita t 7.6 
6.3 Wet Mire Habitat 9.4 
6 4 Mire Drainage Line Habitat 2 
6.5 Biotic Mire Habitat 0.7 
6 .6 Saline Mire Habitat 0.2 
7. Polar Desert Complex 
7.1 Polar Desert Habitat 1.5 
Freshwater habitats 0.3 
Number of habitats in zone 24 
Average number of habitats per 25 ha 11 
Maximum number or habitats per 25 ha 21 
Total area (km2) 61.4 
ha 
56.6 
364 
724 
1 970.3 
205.5 
1 180.5 
87.8 
88.7 
52.9 
4.1 
74.9 
8.8 
12.7 
221.3 
26.3 
65.6 
639 9 
469.1 
5764 
1232 
41.3 
13.6 
93.5 
18.6 
(1.2). Both occur on fibrous, black or dark-brown peats and 
their vegetation is dominaled by the erect dicot Crassula 
moschata. In 1.1 the rosette dicot Cotula plumosa is often 
codominant and in 1.2 the cushion dieDt Azorella seJago is 
always codominant. The two habitats are restricted to the 
islands shore zone and are subjected to wind blown salt-
spray. Not surprisingly, the values of the soil salinity indica-
tors (all forms of Na, exchangeable and soil solution forms 
of Mg) are considerably higher for habitals 1.1 or 1.2 than for 
any of the other habitats. Because of their coastal location 
the Salt-spray Complex habitats are frequently influenced by 
birds (especially Rockhopper Penguins, Eudyptes chryso-
come) and fur seals (Arctocephalus tropicafis); hence their 
mean biotic index is higher than for all other habi tats except-
ing those in complexes 4 and 5 and Ihe Biotic Mire Habitat 
(6.5) 
Altitude (meters above sealevel) 
100 to 300m 300 to 500m Above 500m 
% 
o 
o 
30.5 
44.7 
2.7 
7.2 
0.3 
0.3 
0.8 
<0.1 
<0 .1 
<0.1 
o 
<0.1 
<0.1 
o 
1.9 
1.2 
0.3 
1.5 
o 
o 
8 
0.2 
18 
8 
15 
81.2 
ha 
o 
o 
2476.1 
3629.7 
2154 
584.2 
23.3 
24 .1 
65.7 
34 
0.2 
2.7 
o 
0.1 
0.3 
o 
151.9 
100 
20.8 
117.9 
o 
o 
650.7 
16.8 
% 
o 
o 
654 
25 
0.1 
<0.1 
o 
o 
<0.1 
<0.1 
o 
<0.1 
o 
o 
<0.1 
o 
<0.1 
<0 .1 
<0 .1 
0.1 
o 
o 
31.6 
0.1 
14 
4 
9 
59.8 
ha 
o 
o 
3912.7 
149.3 
7.9 
0.7 
o 
o 
0.6 
<0. 1 
o 
0.3 
o 
o 
<0.1 
o 
0.3 
<0.1 
5.1 
o 
o 
1 890.7 
5.1 
% 
o 
o 
154 
o 
o 
o 
o 
o 
o 
o 
o 
<0.1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
84.5 
0.1 
4 
2 
4 
97.5 
ha 
o 
o 
1 501.7 
o 
o 
o 
o 
o 
o 
o 
o 
0.1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
8241 .5 
7.2 
The Feflfield Complex occurs on exposed plateaus and 
ridges, dominated by cushion dicots, cushion bryophytes 
and lichens and comprises two habitats, the Xeric Fellfield 
Habi tat (2.1) and the Mesic Fellfield Habitat (2.2). Bare rock 
or scoria make up a subslantial part of the surface of both 
habitats and neither are influenced to any appreciable extent 
by animals or by salt-spray, although Salvin's Prions 
(Pachyptifa vittata ssp. salvim) establish burrows in the Xeric 
Fellfield Habitat. The soils have a higher bulk density, are 
drier, contain lower concentrations of organiC and inorganic 
forms of Nand P, and of exchangeable and soil solution Mg, 
K and Na, than soils of any of the olher habitats. They have 
higher total Ca and Mg levels than any of the other habitats 
except those of the Salt-spray Complex. Soils of 2.1 are sig-
nificantly drier, less organic and less acid than Ihose of 2.2. 
Mean rock cover is greater, but total vegetation cover Jess, 
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Table 2: Relative covers (%) of plant guilds in the habitats ('Mad'= median). Total vegetation cover and rock cover are the absolute cover val-
ues (%). 'Shore' is distance from the shore and 'Al titude' is height above sea level, both in meters. 'Biotic' and 'Sail' are subjectively-estimated 
indices of the severity of animal manuring/trampling and wind-blown salt-spray respectively. N is the number of sites from which the values 
were derived. Ir ind icates that the mean value is above zero bul les$ than 1 % 
PlanL gUild 
n Mear Med Mrn Max 
1.1 C(I:ula.ll hrbfield lI11bilat 
Cushion Oieol 
Cushion Bryophyte 
lichen 
10 6 1 0 32 
10 0 0 a 0 
10 0 
Epiphytic GramlnOld 10 0 
Tussock GramlnOld 10 1 
Poa annua 10 0 
Pteridophyte 10 0 
Rosene Olcot 10 7 
Erect Oleo! 10 86 
Mat Oicol 10 0 
Brachytheclum Moss 10 a 
Deciduous Shrub 
M ire Gramlnold 
Mire Bryophyte 
Bryum/Breutetia 
Tolal cover 
Rock cover 
Shore 
Allliude 
BiotiC 
Salt 
10 0 
10 0 
10 0 
10 0 
10 85 
10 15 
11 20 
" 16 
11 4 
11 8 
o 
o 
o 
o 
o 
4 
95 
o 
o 
o 
o 
o 
o 
90 
13 
20 
15 
4 
8 
o 
o 
o 
o 
o 
o 
42 
o 
o 
o 
o 
o 
o 
31 
o 
4 
10 
2 
7 
o 
o 
6 
o 
o 
25 
100 
o 
o 
o 
o 
o 
o 
120 
40 
80 
30 
6 
9 
3. 1 Open Fernbrake Habitat 
Cushion Olcol 6 26 
CUshIOn Bryophyte 6 1 
lichen 6 3 
EpiphytiC Gramlnoid 6 5 
TUSsock GramlnOld 6 6 
Poa annua 6 0 
Ptendophyte 6 46 
Rosene Olcot 6 a 
Erect Olcot 6 a 
MalOlcol 6 
Brachytheclum Moss 6 
o 
o 
31 
1 
3 
5 
3 
o 
42 
o 
o 
o 
o 
DeCiduous Shrub 
Mire Gramlnoid 
Mire Bryophyte 
Bryum'Breutelia 
Total cover 
6 13 6 
Rock cover 
Shore 
Al titude 
BIOtic 
Sail 
6 1 
600 
6 0 0 
6 104 100 
6 10 11 
7 754 750 
7 55 40 
5 0 0 
5 
11 
o 
o 
o 
o 
o 
12 
o 
o 
o 
o 
37 
2 
6 
11 
22 
o 
74 
o 
o 
o 
o 
o 48 
o 4 
o 0 
o 0 
90 135 
o 20 
430 1300 
35 80 
o 
o 
3.5 Slope Dralnagl! Line and 
Cushion Oicot 
Cushion Bryophyte 
Uchen 
9 
9 
9 
Epiphytic Gramlnold 9 
Tussock Graminoid 9 
Poa annua 
Ptendophyte 
Rosette Dicot 
9 
9 
9 
Erect Dicol 9 
Mat Oicot 9 
Brachytheclum Moss 9 
Deciduous Shrub 9 
Mire Graminoid 
Mire Bryophyte 
Bryum'Breutelia 
Total cover 
Rock cover 
Shore 
AHitude 
Biotic 
Salt 
9 
9 
9 
9 
9 
9 
9 
8 
8 
Sireambank Uabltat 
" 0 0 
o 0 0 
o 0 0 
000 
2 
o 
3 
o 
o 
t, 
26 
48 
21 
o 
184 
o 
717 
68 
o 
1 
o 
o 
o 
o 
o 
30 
48 
o 
5 
o 
185 
o 
700 
70 
o 
o 
o 
o 
o 
o 
o 
o 
3 
31 
o 
o 
o 
151 
o 
250 
30 
o 
o 
2 
o 
o 
o 
5 
o 
13 
o 
o 
2 
44 
62 
3 
49 
o 
206 
o 
1400 
140 
2 
n Mean Med Min Max 
1.2 Coasta l Fetlfield Habitat 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
39 
1 
o 
o 
1 
o 
o 
21 
31 
o 
o 
o 
1 
o 
o 
93 
9 
41 
" 3 
5 1 
o 
o 
o 
o 
o 
o 
6 
39 
o 
o 
o 
o 
o 
o 
100 
o 
35 
15 
3 
7 
o 
o 
o 
o 
o 
o 
o 
o 
19 
o 
o 
o 
o 
o 
o 
53 
o 
20 
5 
o 
6 
80 
3 
o 
o 
2 
o 
o 
50 
60 
o 
o 
o 
9 
o 
o 
136 
30 
80 
20 
4 
8 
3.2 CloJ .. d ~'crnbrakt- lIablta t 
11 6 
11 0 
11 0 
11 0 
11 4 
11 0 
11 86 
11 0 
11 0 
11 0 
11 0 
11 4 
11 " 
11 " 
11 0 
11 108 
11 If 
14 936 
14 69 
11 
11 
1 
o 
5 0 14 
000 
000 
000 
o 8 
000 
88 73 95 
000 
000 
o 0 0 
o 0 
3 a 13 
o 0 2 
o 0 2 
000 
107 100 115 
o 0 1 
175 150 2500 
65 30 150 
1 
o 
o 
o 
3.6 Spring and Flu$h Habitat 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
.. 
31 
6 
3 
3 
165 
o 
1750 
108 
2 
o 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
2 0 
59 44 
30 20 
6 
3 0 
2 
165 150 
o 0 
1400 700 
100 70 
2 0 
o 0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
3 
62 
44 
10 
7 
5 
182 
o 
3500 
160 
5 
o 
Percenlage cover 
n Mean Mad Min 
2.1 Xeric Fe llfirld Habitat 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
, 
8 
8 
8 
8 
9 
9 
9 
9 
39 41 14 
10 10 4 
49 49 33 
2 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
o 0 
o 0 0 
o 0 0 
o 0 0 
20 20 6 
79 80 65 
3760 3350 1000 
367 330 70 
o 0 0 
o 0 0 
6 
o 
o 
o 
o 
73 
o 
o 
o 
o 
o 
18 
2 
o 
104 
1 
7 
1 
o 
o 
o 
o 
74 
o 
o 
o 
o 
o 
17 
2 
o 
105 
o 
o 
o 
o 
o 
o 
o 
69 
o 
o 
o 
o 
o 
13 
o 
101 
o 
1200 1200 700 
105 
1 
o 
100 
1 
o 
80 
o 
o 
52 
17 
72 
8 
o 
o 
o 
o 
o 
o 
o 
7 
o 
o 
o 
30 
95 
6200 
600 
2 
o 
10 
3 
o 
o 
o 
o 
76 
o 
o 
o 
o 
o 
23 
4 
o 
107 
5 
1700 
140 
4,1 C oasta' TunG(kGrassland 
Habllat 
8 0 a 0 0 
8 0 0 0 0 
8 0 
8 0 
8 93 
8 0 
8 0 
8 5 
8 0 
8 2 
8 0 
, 0 
8 0 
8 0 
, 0 
8 105 
8 0 
8 189 
8 22 
12 8 
12 4 
o 
o 
94 
o 
o 
5 
o 
2 
o 
o 
o 
o 
o 
106 
o 
80 
23 
9 
4 
o 
o 
89 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
102 
o 
50 
5 
• 
2 
o 
o 
9. 
o 
o 
9 
o 
5 
o 
o 
o 
o 
o 
107 
o 
500 
40 
10 
5 
n Mean Med Min Mal( 
2.2 Muic FrlUit-ld H abita ' 
10 49 48 40 62 
10 
40 
28 
2 
o 
21 
o 
o 
o 
o 
11 
24 
o 
o 
68 
80 
25~ 
160 
10 5 5 2 
10 20 22 8 
10 15 17 0 
10 Ir o 0 
10 0 o 0 
10 6 2 0 
10 0 o 0 
10 0 o 0 
10 0 o 0 
10 0 o 0 
10 2 o 0 
10 3 o 0 
10 0 o 0 
10 0 o 0 
10 41 43 20 
10 58 56 30 
13 ,930 750 350 
13 76 80 35 
12 0 o 0 
12 0 o 0 
3.4 DwarrShrub Fernbrak~ 
Hablta, 
5 1 0 0 4 
o 
o 
o 
1 
o 
71 
o 
o 
5 a a 0 
5 0 0 0 
5 0 0 0 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
" o 
62 
o 
o 
{, 
12 
13 
3 
8 
o 
129 
o 
940 
84 
o 0 
o 0 
63 54 
o 0 
o 0 
o 0 
12 8 
14 8 
4 0 
8 4 
o 0 
127 120 
o 0 
800 400 
90 30 
o 
o 0 
16 
17 
6 
14 
o 
146 
o 
,8()1 
140 
2 
4.2 Inland Tuuock Granland 
Habitat 
9 3 0 a 12 
9 0 
9 0 
9 0 
9 50 
9 0 
9 3 
9 0 
9 0 
9 1 
9 27 
9 13 
9 0 
9 3 
9 0 
9 152 
9 0 
14 829 
14 66 
15 6 
15 
o 0 0 
o 0 0 
o 0 0 
55 20 67 
o 0 0 
4 0 7 
o 0 0 
o 0 0 
o 2 
27 14 42 
14 3 23 
o 0 2 
3 0 7 
o 0 0 
143 128 189 
o 0 2 
475 200 3501 
39 20 300 
7 9 
1 0 3 
South African Joumal of Botany 2001,67: 641-654 
Tabla 2 cont. 
Cushion Oieot 4 
4.3 PedntaUfd TU$JO(k 
Grassland Habitat 
000 o 
o 
o 
o 
45 
3' 
o 
8 
o 
60 
o 
o 
o 
o 
o 
58 
o 
100 
15 
10 
6 
Cusl1ion Bryopl1yte 4 
Lichen 4 
Epipl1ytc Graminold -4 
Tussock Graminoid 4 
Poa annua 4 
Pteridophyte 4 
RosettEOieot 4 
Erect Oieot 4 
Mat Oicot 4 
BrachytheCium Moss 4 
OeCiduQJs Shrub 4 
Mire Gramlnoid 4 
Mire 8ryopl1yte -4 
8ryumiBreutelia 4 
T etal eover 4 
RodI;eover 
Shore 
Altitude 
Biotic 
Salt 
4 
4 
o 
o 
o 
42 
14 
o 
6 
o 
39 
o 
o 
o 
o 
o 
52 
o 
54 
9 
10 
5 
o 
o 
o 
44 
10 
o 
6 
o 
40 
o 
o 
o 
o 
o 
52 
o 
45 
8 
10 
5 
o 
o 
o 
37 
1 
o 
2 
o 
14 
o 
o 
o 
o 
o 
47 
o 
25 
5 
10 
3 
6.1 Dry Mire Habitat 
Cushion Oieo! 
Cushion Bryophyte 
12 1 0 0 9 
o 
o 
o 
o 
o 
52 
o 
o 
1 
o 
12 0 
Lichen 12 a 
Epiphytic Graminold 12 0 
Tussock Gramlnoid 12 0 
Poa annua 12 0 
Ptendophyte 12 27 
Rosette Oieol 12 0 
Erect Oiect 12 0 
MalDleot 12 
Brachythecium Moss 12 
Deciduous Shrub 12 
Mire Graminoid 12 
• ~ Ire Bryophyte 12 
BryumlBreutela 12 
Tolal eover 12 
Rock cover 12 
1< 
o 
1< 
11 
61 
o 
130 
o 
o 
o 
o 
o 
o 
28 
o 
o 
o 
o 
o 
8 
68 
o 
121 
o 
o 
o 
o 
o 
o 
9 
o 
o 
o 
o 
o 
2 
30 
o 
107 
o 
31 
8' 
o 
161 
o 
Shore 
Altitude 
Biotic 
Salt 
12 658 650 350 1500 
80 
2 
12 5 1 4 8 30 
12 
12 
1 
o 
o 
o 3 
6.S Biotic Mlr~ Hablta' 
Cushion Oieot 4 
Cushion Bryophyte 
LIchen 
Epiphytic Graminoid 4 
Tussock Graminoid 4 
Poa annua 4 
Ptorldophyte 4 
Rosette Diccl 4 
Erect Oieot 4 
Mat Dicot 4 
Brachythecium Moss 4 
Doclduous Shrub 4 
o 
o 
o 
o 
7 
o 
o 
o 
o 
10 
o 
o 
o 
o 
o 
7 
o 
o 
o 
o 
10 
o 
o 
Mire Graminoid 
Mire Bryophyte 
BryumIBreutelia 
Total cover 
Rock cover 
Shore 
4 23 16 
Altitude 
Biotic 
Salt 
4 59 67 
4 0 0 
4 106 101 
4 0 0 
5 470 600 
5 40 40 
55' 
5 2 2 
o 
o 
o 
o 
5 
o 
o 
o 
o 
5 
o 
o 
o 
o 
o 
o 
11 
o 
o 
o 
o 
14 
5 
o 
6 54 
30 72 
o 0 
90 130 
o 0 
100 800 
10 60 
3 7 
o 4 
S.l Cotula Hrrbneld Habitat 
12 3 o 0 
12 0 o 0 
12 0 o 0 
12 0 o 0 
12 15 11 0 
12 0 o 0 
12 0 o 0 
12 81 85 34 
12 0 o 0 
12 2 o 0 
12 0 o 0 
12 Ir o 0 
12 Ir o 0 
12 0 o 0 
12 0 o 0 
12 103 105 61 
12 o 0 
18 153 73 2 
18 20 15 5 
15 8 8 5 
15 
12 
12 
12 
12 
12 
11 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
14 
14 
13 
13 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 6 
6.2 Mule Mire Habitat 
" 0 0 
o 0 0 
o 0 0 
o 0 0 
" 0 0 
o 0 0 
Ir 0 0 
o 0 0 
o 0 0 
1 0 
o 0 0 
o 0 0 
4 2 38 32 
55 60 14 
o 0 0 
137 142 71 
" 0 0 
541 500 250 
47 40 30 
1 0 0 
o 0 0 
6.6 Saline Mire Hablta' 
o 
o 
o 
o 
o 
o 
o 
o 
17 
3 
o 
o 
7 
73 
o 
116 
o 
44 
8 
• 
6 
o 
o 
o 
o 
o 
o 
o 
o 
16 
o 
o 
4 
75 
o 
11 5 
o 
40 
9 
3 
7 
o 
o 
o 
o 
o 
o 
o 
o 
14 
o 
o 
o 
2 
66 
o 
11 3 
o 
20 
5 
3 
5 
25 
o 
o 
o 
60 
o 
100 
o 
14 
o 
o 
o 
117 
5 
850 
60 
9 
7 
1 
o 
o 
o 
3 
o 
1 
o 
o 
2 
o 
o 
8 5 
66 
o 
178 
5 
800 
80 
2 
1 
o 
o 
o 
o 
o 
o 
o 
2 
21 
9 
o 
o 
16 
79 
o 
122 
o 
75 
10 
6 
8 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
9 
9 
11 
11 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
2 1 
21 
16 
16 
S.2 Biotic Mud Habita, 
o 
o 
o 
o 
1 
o 
o 
o 
o 
98 
o 
o 
" o 
o 
102 
o 
134 
17 
9 
4 
o 
o 
o 
o 
o 
o 
o 
o 
o 
100 
o 
o 
o 
o 
o 
100 
o 
70 
20 
9 
o 
o 
o 
o 
o 
o 
o 
o 
o 
95 
o 
o 
o 
o 
o 
100 
o 
40 
5 
9 
3 
6.3 Wrt Mire Habitat 
o 
o 
o 
o 
o 
o 
1< 
o 
o 
1 
o 
1< 
14 
.. 
o 
112 
o 
521 
45 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
1 
o 
o 
13 
86 
o 
112 
o 
600 
'0 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
2 
70 
o 
71 
o 
150 
15 
o 
o 
o 
o 
o 
o 
5 
o 
o 
o 
o 
100 
o 
o 
1 
o 
o 
105 
o 
500 
30 
9 
6 
o 
o 
o 
o 
o 
o 
• 
o 
o 
• 
o 
2 
29 
96 
o 
132 
o 
800 
100 
2 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
11 
11 
11 
11 
5.3 Blollc Lawn Habltal 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
3 2 0 
23 22 10 
o 0 0 
4 2 0 
o 0 0 
70 69 60 
o 0 0 
o 0 0 
1 0 0 
o 0 0 
o 0 0 
123 128 101 
o 0 0 
139 60 20 
14 5 5 
8 9 3 
• 6 2 
645 
o 
o 
o 
o 
10 
'0 
o 
12 
o 
60 
o 
o 
3 
o 
o 
145 
o 
500 
40 
9 
• 
6.4 Mire Drainage Une HabItat 
9 2 0 0 9 
9 0 0 0 0 
9 If 0 0 1 
9 0 0 0 0 
9 0 0 0 0 
9 0 
9 1< 
9 0 
9 0 
9 " 9 0 
9 
9 40 
9 10 
9 4 6 
9 169 
9 1 
10 2130 
10 179 
10 
10 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
43 22 
11 • 
43 34 
176 116 
o 0 
1700 600 
143 60 
o 
o o 
o 
1 
o 
o 
1 
o 
3 
50 
16 
64 
191 
10 
44~ 
340 
3 
646 Smith, Sleenkamp and Gremmen 
Table 3: Soil chemistry values lor the habitats. n is the number of samples. All values are on an oven dry soil mass basis. Bulk density (9 dm-3). 
Cation exchange capacity (CEe; milliequivalents per 100g). Tolal calions and total P (mg g.1). Exchangeable cations (% of GEe). Moisture 
content, organic C and total N (% of dry mass). Soil solution cations, NH4.N, N03.N, NOz.N and P04-P (JIg g") 
Soil property 
n Mean Med Min Mal( 
1.1 
Bulk density 11 
pH 11 
MOisture 11 
Organic C 11 
Total N 11 
Ammonium N 10 
Nitrate N 10 
Nilnle N 10 
Total P 11 
Phosphate P 11 
Totalea 10 
TotalMg 10 
Tolal K 10 
Tolal Na 10 
CEe . 11 
Exchangeable Ca 11 
Exchangeable Mg 11 
Exchangeable K 11 
Exchangeable Na 11 
Soil solution Ca 10 
Soil solution Mg 10 
Soil solution K 10 
Soil solution Na 10 
Coulalllrrbfldd Habilal 
252 249 11 1 426 
5.8 5.8 4 8 7 1 
400 375 121 770 
209 21 .4 8.3 36.1 
1.5 1.6 0.5 2 .5 
8 .4 7 .1 1.4 29.3 
2.8 0.5 0.2 21 .1 
0.4 0 .4 0.1 0 .7 
1.2 1.1 0 .9 1.7 
66.5 47 .0 13.5 180.3 
49.3 46.9 18.4 84 .8 
150 151 5.9 24 .6 
1.6 1.7 0 .9 28 
15.0 15 .2 8 .0 24.2 
79.6 78.2 25 .2 112 .7 
22.0 22.1 14.0 38.2 
25.9 28.3 18.2 36.9 
1.0 1.1 0.3 2.0 
22.1 20.8 14.2 35.4 
154 157 46 268 
90 88 14 136 
661 624 109 1285 
9627 9380 1226 21753 
3.1 Oprn Fo:rnbrak o: Habitat 
Bulk density 
pH 
4 143 143 112 174 
7 4 .6 4 .8 4 .5 5.0 
MOisture 
Organic C 
Total N 
Ammonium N 
Nitrate N 
Nitnte N 
7 526 521 238 670 
6 19.4 17.9 127 32.4 
6 1.5 1.4 0 .9 2.6 
7 5 .2 3 .9 0.0 14 .5 
8 2.0 0.3 0.0 8.8 
4 0.3 0 .3 0 .0 06 
Total P 6 
Phosphate P 5 
Total Ca 4 
Total Mg 4 
Total K 4 
Total Na 4 
CEC. 4 
Exchangeable Ca 6 
Exchangeable Mg 6 
Exchangeable K 6 
Exchangeable Na 6 
Soil solution Ca 4 
Soil solution Mg 4 
Soil solution K 4 
Soil solution Na 4 
Bulk donsity 
pH 
MoIsture 
Organic C 
Toial N 
AmmoniumN 
Nltrala N 
NlbitaN 
Total P 
Phosphate P 
Totar Ca 
Total Mg 
Total K 
Total Na 
C.E.C. 
Exchangeable Col 
Exchangeabll Mg 
Exchangaabll K 
Exchanglabll Na 
5011 solution Ca 
Soli solution Mg 
SoH solul1on K 
SolI solution N. 
6 
, 
9 
9 
, 
, 
, 
9 
8 
6 
6 
6 
6 
6 
, 
9 
, 
9 
8 
8 
6 
8 
1.4 1.4 0.5 2.4 
19.4 8 .0 3.7 43.5 
12.3 9.4 6 .6 21 .8 
3.5 2.6 1.9 6.7 
0 .8 0 .7 0 .5 1.3 
1.6 1 2 0.8 3. 1 
93.3 96.9 58.0 121 .5 
6 .3 7.0 0 a 13.0 
6 .3 7.7 2.2 14 .0 
0.7 0.7 0.2 1.2 
2.0 1.1 0 .5 5.0 
74 79 36 101 
38 37 23 54 
360 297 197 650 
273 276 252 286 
3. ~ Slope DrII lnag. Uno and 
Slrl:lmbank Habitat 
148 137 100 253 
5.7 5.6 4.5 65 
707 703 495 1002 
'89 185 46 42 .9 
1.7 20 0.3 2.5 
4.0 35 1.4 7.9 
32 33 0.1 56 
0.1 0.1 0.0 0.4 
2.0 2.1 07 2.8 
137 
16.0 
8' 
0.7 
I.' 
859 
124 5.6 
159 10.9 
7.4 3.7 
0 .6 0.5 
1.5 1.0 
88.3 26.5 
23.4 
22.9 
•• 
1.0 
... 
120.3 
16.3 21 .6 4.0 27.3 
10.5 7.8 6.3 32.0 
0.5 0.5 0.0 2 0 
2.2 1.9 1.0 4.0 
117 112 88 182 
55 54 20 88 
196 143 56 500 
215 196 9ti 409 
Concentration 
n Mean Mad 
1.2 
4 
6 
7 
6 
6 
4 
4 
4 
6 
4 
4 
4 
4 
4 
7 
7 
7 
7 
7 
4 
4 
COUIII Fdtnrld Habilal 
237 205 125 413 
5 5 56 45 6 .2 
571 629 
284 31.6 
1 7 1.8 
11 .0 10.4 
0.4 0.4 
0.4 04 
0 .9 11 
55.5 49.2 
50 .0 54.0 
13.6 13.9 
1.8 1.7 
14 .6 15.6 
78.9 71.0 
14 .5 15.6 
30.3 18.3 
1 .2 0 .7 
20.1 18 .6 
202 192 
114 117 
687 672 
6675 5312 
162 1107 
9 .4 44 .1 
0 .7 3. 1 
1.6 2 1.4 
0 .2 0 .5 
0 .1 0 .7 
0 .5 1.2 
23.3 100.4 
15.3 76.8 
6 .0 20.5 
1.5 2 .2 
11 .3 160 
46.2 109.5 
11 .0 16.5 
15 .7 49 ,6 
02 2.6 
7 .7 46.2 
117 310 
88 135 
242 1160 
1356 14721 
3.2 Closed Fo:rnbrako: lIabital 
10 152 159 110 182 
15 4 .6 4 .6 4 .0 52 
14 614 610 
12 25.6 25 .1 
484 735 
17.4 43.6 
12 2.0 2 .0 1.2 2 .5 
14 3 .7 0.7 0 .0 13 .0 
14 1.7 0 .1 0 .0 11 .0 
9 0 .0 0.0 0 .0 0 .3 
12 1 .9 1 .7 0 .7 3.9 
12 34 .9 27,7 3 .5 100 .0 
9 10.4 11.3 4 .5 18.4 
9 3 .2 3.7 00 6 .3 
9 0 .7 0.6 0 .4 1 .2 
9 
10 
12 
12 
12 
12 
9 
9 
9 
9 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
4 
• 
• 
• 
• 
0.9 0 .9 
121 .0 123.7 
6 .0 4.3 
8.4 5.7 
0.9 0 .3 
1 .2 0 .5 
96 92 
51 57 
223 
306 
206 
261 
0.6 
87.2 
1.3 
2.2 
0 .1 
0 .2 
56 
12 
100 
209 
1 .3 
161 .8 
21.0 
40.0 
7 .0 
5.0 
190 
80 
S<J3 
433 
77 77 82 91 
6.2 6.2 6.0 64 
1218 1209 1049 1407 
16.0 15.7 12.8 19.8 
1.8 1.8 1 .4 2.0 
8.S 6.3 4.5 9.0 
5.6 5.3 4.7 6.9 
0.3 04 0 .2 0.4 
2.6 2.6 2.2 3.1 
13.7 13 .5 11.8 16.0 
15.5 15.1 14.7 17.3 
6.2 6.0 5.3 7 5 
0.7 0.7 06 0.9 
1.5 1.4 1.1 2.0 
85.1 87.6 66.2 98.8 
11 .7 11.4 9.3 15.0 
7.6 7.4 6.0 9.6 
0.4 0.4 0.2 0.5 
1.9 1.7 1.1 3.0 
103 101 87 124 
87 65 52 89 
227 236 183 273 
272 260 190 3n 
n Mean Mad Min 
1.1 Xr ric F~Ufield Habitat 
9 467 427 3 14 705 
6 2 
222 
"6 
07 
2.9 
0 .3 
0 .3 
16 
18.1 
61 .3 
23.5 
2 .5 
6 .0 
65.9 
49.2 
9 .6 
0 .3 
5 .4 
163 
21 
165 
171 
9 5.8 5.8 5.5 
9 147 176 46 
9 63 67 1.7 
9 04 0 .5 0 .1 
8 0 .5 0 1 00 
8 0 .1 0 .0 0.0 
8 0 .1 0.0 0.0 
9 1.2 1.1 0 .9 
9 3 .9 3.3 0 .0 
8 24.9 21 5 12.6 
8 15.0 15.8 62 
8 0 .7 0 .5 0.2 
6 2 .2 1.8 0 .9 
9 38 .1 4 8.2 9 .2 
9 20.0 153 3.3 
9 3 .1 2.6 1.1 
9 0 .1 0.0 0 .0 
9 1.8 0.9 0.4 
8725535 
8 14 13 7 
6 76 76 14 
8 97 96 47 
3.3 Mtsk Funbrakt Habilat 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
124 119 108 151 
52 5.3 5 .0 5.4 
• 
4 
4 
4 
• 
4 
4 
4 
704 697 
242 24.4 
1.6 18 
5 .0 5.' 
2.1 2.2 
0 .3 0 .2 
1,8 '6 
6.5 5.2 
10.5 10.7 
44 4.1 
0 .8 0.8 
1.1 1.1 
98.4 95.2 
4.0 3.4 
6 .4 6. 7 
0 ,6 0.6 
0.6 0 .6 
125 130 
45 44 
479 494 
334 325 
610 812 
23 .2 24 .8 
16 2 .0 
1.6 8 ,4 
03 3.7 
0 .1 0 .7 
1.5 1.9 
41 11 .4 
8.5 12 .1 
2 .9 6.4 
0 .7 1 .0 
0.9 1.3 
80.3 122.8 
0 .5 8 .5 
3.5 8 .7 
0 .5 0.7 
0 .2 0 .9 
94 158 
29 61 
411 519 
252 435 
4. t Co •• t-I Tuaaoell; Orll •• land 
Habitat 
8 164 16-4 137 1&4 
8 4.0 4 .0 3.8 4.7 
8 525 518 429 610 
8 36.2 36.3 32.3 40.2 
12 3.7 37 2.4 4.7 
12 20.8 17.3 11 .9 45.4 
12 15.1 4.7 1.1 87.8 
8 0.5 0.5 0.2 1.1 
8 21 2.3 1.2 2.9 
10 233.5 138.4 33.0 997.0 
8 36 3.8 1.2 6.3 
8 0.7 0.5 0.2 1.7 
8 0.4 0.4 0 .3 0.8 
8 1.0 0.9 0.5 1.7 
8 74.5 74.2 66.9 80.8 
9.3 9.3 6.2 13.0 
8 2.3 2.2 1.0 4.1 
3 0.0 0.0 0.0 0.1 
8 1.3 1.0 0.5 2.5 
8 104 91 21 202 
" 54 30 " 
8 221 181 ,.. 438 
8 534 336 100 1195 
n Mean Mad Min 
1.1 Mo:sic Frllntld Habital 
9 225 207 191 
12 5 ,4 5 .5 4 .9 
12 329 352 217 
11 13.0 
11 0 .8 
11 05 
11 00 
8 0 .0 
11 1.3 
10 6.0 
8 16 .1 
8 11 .2 
8 0 .6 
8 1.5 
9 73.0 
11 10 ,3 
11 41 
11 0 .6 
11 1.1 
8 67 
8 24 
8 182 
8 182 
122 
0 .7 
0 .3 
0 .0 
0 .0 
1.3 
4 .2 
15.7 
12.6 
06 
1.4 
665 
11 .6 
3.6 
0 .3 
0 .6 
70 
23 
169 
166 
6.0 
05 
0.0 
0.0 
0.0 
0.4 
00 
11 .8 
6.6 
0 .3 
1.3 
65.1 
3.0 
22 
0 .1 
0 .1 
35 
10 
94 
116 
315 
5 .9 
453 
24 .7 
10 
2.0 
0 .2 
0 .0 
19 
24 .8 
21 .2 
15,6 
0 .6 
2 .2 
96.1 
17.9 
9 .0 
2 .0 
4 .0 
103 
51 
325 
265 
3.4 Dwarf Shrub Funbrakt Habitat 
5 136 134 124 153 
5 4 .5 4 .6 44 4 .6 
5 658 642 545 782 
5 24 .1 23.5 21 .0 275 
5 2 .1 2.1 1.8 2 .3 
5 0 .5 0.3 0.0 1.2 
5 0.2 0 .0 0.0 0 .8 
5 0.0 0 .0 0 0 0 .0 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
" 14 
9 
16 
21 
20 
7 
9 
" 7 
7 
7 
7 
, 
9 
9 
9 
7 
7 
7 
7 
2.5 
6 .2 
11 .2 
1.9 
0 .7 
1 .0 
109.9 
9.5 
4 .6 
0.3 
0 .6 
119 
62 
304 
377 
2.6 
6.' 
11 .5 
2.0 
0 .7 
11 
112 ,3 
10.5 
4 .2 
0.3 
0.5 
118 
59 
327 
365 
2 .0 
1.1 
6.6 
1.2 
0 .5 
0 .6 
BO.8 
5.9 
3.4 
0.2 
0 .3 
106 
45 
186 
256 
2 .9 
15 .6 
13 .2 
2 .6 
0 .6 
1 .3 
130.3 
13.1 
6.9 
0 .3 
0 .8 
134 
67 
418 
518 
4 .2 Inl.nd Tua.oek Grllaaland 
H.bltat 
156 148 135 206 
4.5 4 .6 3.8 4.9 
605 600 355 960 
2S7 
2.6 
26.2 
7.0 
0.' 
2.7 
101 .4 
•• 
2.3 
0.7 
1.7 
110.7 
7.0 
6.8 
0.' 
1.7 
67 
71 
2" 
672 
27.4 
2.. 
19.6 
" 0.' 
2.S 
70.8 
91 
2.2 
0.8 
1.' 
111 .4 
72 
6.2 
0.4 
12 
84 
71 
273 
627 
18.5 
I .' 
0.1 
0.0 
0.1 
0.' 
11 .0 
7.2 
0.0 
0.' 
0' 
95.1 
0.0 
1.0 
0.' 
0.6 
73 
39 
106 
286 
32.0 
3.7 
117.5 
24.4 
0.7 
' .6 
347.0 
18.3 
' .7 
1.3 
2.1 
123.8 
14.0 
13.0 
' .0 
' .0 
111 
" 
'21 
1118 
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Table 3 conI. 
Soil property 
Bulk density 
pH 
MOisture 
O rganic C 
Total N 
Ammonium N 
Nitrate N 
Nilnte N 
Tolal P 
Phosphate P 
Total Ca 
To lal Mg 
Total K 
Tolal Na 
n Mean Med Min Max 
4.3 Prdestalled TusSl)Ck 
Grassland Habibt (a) P~destab 
4 170 172 159 177 
4 4.2 42 4 .2 4.3 
4 483 473 437 548 
4 34 9 34 .8 338 36.4 
4 37 3.7 3.4 4 a 
4 29.4 28,7 21 .7 38 .7 
4 5.5 5 .5 4.3 6 .9 
4 0.5 05 0.3 0.8 
, 
, 
, 
, 
2.' 
218.8 
3.0 
0 .8 
0 .' 
2 .1 1,6 
215.1153.6 
2.8 2.3 
0.8 .05 
0.5 0.3 
2.5 
291 .2 
' .0 
0 .' 
0.6 
C.E,C. 4 
Exchangeable Ca 4 
Exchangeable Mg 4 
Exchangeable K 4 
Exchangeable Na 4 
1.4 1.4 0.9 1.9 
75.2 76.7 64.7 82.5 
9.0 8 .7 5 .1 13.6 
2.8 2.3 1.6 4 .8 
0.1 0.1 0 0 .2 
1,8 1.3 0.9 3.7 
5011 solulioo Ca 4 96 94 61 136 
Soil solution Mg 4 60 60 40 81 
Soil solution K 
Soil solution Na 
Bulk denSIty 
pH 
MOisture 
Organic C 
Total N 
Ammonium N 
Nitrate N 
Nitrite N 
Tolal? 
Phosphate P 
Total Ca 
Total Mg 
Total K 
Tolal Na 
C .E.C. 
Exchangeable Ca 
Exchangeblo Mg 
Exchangeable K 
Exchangeable Na 
Soil solution Ca 
Soil solution Mg 
Soil solution K 
Soil soIutJon Na 
Bulk density 
pH 
Moisture 
OrganicC 
Total N 
Ammonium N 
NitrateN 
NitrileN 
Total P 
Phosphate P 
Total Ca 
To\al Mg 
Total K 
341 287 190 599 
1020 1063 552 1399 
5.3 8iotic Lawn lIabita' 
11 144 150 70 210 
11 5.3 5.0 4.6 7.7 
11 679 617 155 1194 
7 27.3 30.3 12.'1 37.1 
11 2.9 2.6 1.2 4.1 
12 147.1 19.5 4.1 1307.0 
12 8 .7 1,4 0.0 51 .5 
6 0.7 0.6 0.1 1.3 
11 1.0 1.2 0.1 2.2 
11 268.4 172.0 40.0 1350.0 
6 11 ,6 11.1 5,2 20 .2 
6 4 ,3 4.2 2.2 7.8 
6 0.7 0 .6 0.4 1.1 
6 2.'1 2.5 2.1 2.7 
7 64 .8 67,5 33.1 93.4 
7 15.4 16.7 4.7 21 .1 
7 8 .9 9.1 5 .5 11 .1 
7 0 .3 0 .2 0 .0 0.7 
7 2,6 2.8 1.2 3.2 
6 86 83 7 1 105 
6 65 61 47 93 
6 321 296 83 551 
6 866 952 227 1248 
6.4 Mire Drainage Line Habitat 
10 101 90 71 171 
10 5 .8 5 .9 5.5 6 .2 
10 995 1105 433 1399 
10 17.0 19.0 7.5 24 .9 
' 0 
9 
• 
• 
'0 
10 
• 
• 
• 
,., 
8.8 O. 
0.3 
' .5 
5.2 
7.' 
2.' 
0 .5 
1.3 0 .5 
10.7 0.0 
0 .6 
0.2 
1.. 
,., 
7.' 
2.4 
0.5 
0 .0 
0 .0 
0 .6 
0 .0 
2.4 
0.3 
0 .3 
, .. 
16.1 
' .3 
'.0 
2.' 
16.3 
11.9 
••• 
0.8 
Total Na g 1.4 1.5 1.0 
81 .0 84 .6 65.9 
8 .8 8 .6 4.0 
5.5 5.4 2,8 
0.3 0.3 0.0 
'.9 
93 .4 
13.4 
8.2 
0.7 
,., 
C.E.C. 10 
Exchangeable Ca 10 
Exchangeabla Mg 10 
Exchangeable K 10 
Exchangeable Na 10 
Soil solution Ca • 
• SOU solution Mg Soil solution K • 
Soli sdution Na 9 
0.' 
96 
33 
234 
260 
0.' 
'02 
3. 
215 
0.7 
49 
5 
63 
272 119 
1<5 
53 
520 
40. 
n Mean Med MIn Max 
4.3 P«InlaUed Tussock Grautand 
Habitat (b) Mud between pwubh 
4 157 154 99 222 
4 4.7 4.8 4.5 4 .9 
4 552 531 295 849 
4 21 .1 21.0 128 299 
1.1 3 .2 
12.3 89.2 
4 2,1 2.1 
4 53.4 56,0 
4 2.7 2 18 4 .9 
4 0 .1 0.1 a 0 .1 
4 1.5 1.3 1.3 1.9 
4 120,8 78.2 89.6 2572 
4 15.6 14.4 8.1 25.3 
4 5.6 5.0 2.6 10.0 
4 0 .3 0 4 0 ,2 0.4 
2.3 1.6 ' .3 ' .2 
4 48 .3 47.8 3a6 66.9 
4 16.2 15.2 10.3 24 .2 
4 12.9 10.8 7 ,8 22.3 
4 0.1 0.1 0 0.1 
4 2.5 2.1 1.8 3,8 
99 92 73 139 
4 120 121 68 169 
4 184 169 87 312 
1187 1050 629 2017 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
5 
5 
5 
5 
5 
4 
4 
4 
5 
5 
4 
, 
4 
4 
5 
5 
5 
5 
5 
, 
, 
, 
4 
6.1 Dry Mire Habita' 
112 106 66 
50 5.0 45 
898 881 506 
23 .4 23.9 7.2 
1.8 2.0 0.5 
1.7 1.0 0.0 
0.1 0,1 0.0 
0.1 0.0 0.0 
1.6 1.8 0.9 
28 .2 13.0 4.1 
10.4 7.7 5 .0 
3.4 2.7 1.1 
0.8 0.8 0.3 
1.4 1.2 0 .9 
84.3 88 .7 38.5 
10.0 10.1 1,6 
7.27.149 
0.7 0.7 0.0 
1.2 1.1 0 ,6 
110 108 64 
53 55 22 
353 338 102 
457 473 167 
6.5 Blotlo: Mire HabItat 
'.5 
5.3 
1332 
36 .7 
2 .' 
5.' 
O. 
0.4 
2.2 
104.6 
30.8 
8.3 
1.0 
3 .5 
123.5 
18.4 
12 .6 
, .. 
2.5 
, .. 
96 
713 
5'4 
63 56 51 87 
5. , 5 .0 
1573 1601 
39.9 40.2 
2.6 2.4 
55.0 52.0 
3.0 2.5 
1.7 14 
1.6 1.5 
222.1 209.2 
5.1 5.3 
2.1 1.6 
0.9 0.8 
1.9 1,9 
72.1 64 .7 
5 .5 6.3 
10.8 9,8 
0.6 0.5 
3.0 3.1 
85 79 
68 90 
578 470 
964 829 
4.7 5.' 
1066 2015 
37.9 41.8 
2.2 3.'1 
31.2 84 .6 
2.1 5 .0 
0.4 3,5 
1.3 2 .2 
159.3 281.'1 
3.3 6 .6 
1.2 3.9 
0.6 1.5 
1.2 2.6 
58.9 96 .8 
0.1 8 .7 
7.8 13.8 
0.2 1.5 
2.1 3.7 
73 108 
78 .. 
292 1080 
763 1513 
n Mean Med Min Max 
5.1 Cotu \a Herbneld Habilat 
12 143 123 110 327 
16 4.8 4.5 4.0 5.9 
16 658 684 18 1 887 
13 32 .2 34.5 
15 2,9 3.0 
16 59.9 30.9 
10.2 448 
0.7 4.1 
3.8 3920 
16 10.9 1.4 0.0 107 .0 
11 0 ,5 0.2 0.0 3.4 
13 2,2 2.0 0.8 4.7 
17 258.5 195.6 32,5 822.0 
11 19.9 7.9 3.9 96.4 
11 5.6 2.5 0.6 23 .7 
11 1.2 1.3 0.5 2.3 
11 5 .1 5.5 0.9 11,0 
13 83.8 90.8 22.5 118.2 
13 12.1 10.4 0.0 38.2 
13 12 ,0 11 .1 4.7 23 B 
13 0,6 0.'1 0,1 1.7 
13 5.3 5.5 1.2 13.0 
11 108 103 42 19 1 
11 87 84 26 133 
11 502 424 156 1034 
11 3222 2219 494 9390 
" 
'5 
" 13 
13 
13 
" '0 
13 
" '0 
'0 
'0 
'0 
" 13 
13 
13 
13 
'0 
'0 
'0 
'0 
3 
5 
5 
5 
5 
3 
3 
3 
5 
3 
3 
3 
3 
3 
5 
5 
5 
5 
5 
3 
3 
3 
3 
6.1 Mnk Mire nabltat 
71 72 63 82 
4,7 4.8 4.2 5 .3 
1296 1363 725 1667 
36.8 35.9 34.4 48.1 
23 2.3 1.8 2.7 
10 ,0 11.5 0.0 27.0 
0 .9 0,1 0.0 9.0 
0.3 0.3 0.0 1,1 
12 1.2 0.6 2.0 
70.3 80.6 7.0 102.5 
4 .0 4 .1 3 .4 4 ,6 
1.3 1,3 1.0 1.4 
0.9 0.9 08 1.1 
1.3 1.3 0.9 1.8 
81 .7 81.4 72.1 90.6 
6 .6 6.7 4 0 9.6 
7.7 7.2 5 .0 13.0 
1.1 0.9 0.7 3.0 
2.2 1.9 1.1 5.0 
80 85 44 103 
71 76 49 90 
687 695 578 882 
667 685 506 873 
6.6 SaUne Mire IbbUat 
63 68 51 
4.9 5 .1 4.4 
1686 1536 1225 
43.5 40.8 38.5 
2.1 2.0 1.8 
41 .9 42.6 37.9 
0.3 0.0 0.0 
0 .0 0.0 0.0 
1.0 1.1 0.7 
116.5 121.'1 
5.7 5.5 
3.1 3.6 
0.9 0.9 
4.6 4.6 
97.5 
••  
2.' 
0.8 
,., 
68.8 62.3 43.7 
9.2 8.0 4.0 
28.6 17.4 15.5 
0.8 0.6 0.5 
9.8 7.7 6 .1 
140 128 109 
154 149 132 
575 541 429 
4057 3909 3788 
70 
5.2 
2247 
5< . ' 
2 .4 
45.1 
0 .6 
0.0 
' .3 
130.7 
••  
3.7 
' .0 
5.2 
95.7 
17.8 
57.7 
'.7 
17.2 
"" '83 
754 
4474 
647 
n Mean Moo Min Max 
7 
• 
5.2810110: Mud Habitat 
8' 
50 
63 
5 .2 
'7 
3.7 
95 
5.6 
9 10 18 1054 
7 36 .7 35.9 
9 5.9 4 .5 
13 326.3 96.0 
13 65.4 5.6 
520 1441 
34 .0 42 .7 
4.0 12 1 
27.5 1437.0 
0.9 350.0 
7 
7 
9 
7 
7 
7 
7 
7 
1.0 1.2 
1.3 1.3 
132.1 136.4 
4.9 4.4 
1,4 1.2 
0.3 0.2 
1,6 1.6 
74.4 75.9 
0.0 
,., 
41.0 
20 
0.5 
0.2 
" 63.2 
2.0 
'.7 
234 .0 
6.7 
2.' 
0 .3 
2.2 
814 
7 9.1 9.4 7.4 9.8 
7 8 .8 8 .5 3.8 15.0 
7 0.0 0.0 0.0 0.1 
7 1.9 1.7 0.8 4.1 
7 75 81 41 108 
7 88 87 52 123 
7 175 174 59 261 
7 881 757 542 1557 
,. 
" 
" ,.
,. 
20 
20 
'5 
'6 
" 
'5 
15 
'5 
'5 
,. 
,. 
,. 
16 
,. 
'5 
'5 
'5 
'5 
6.3 Wei Mire Habitat 
55 54 39 
4 .8 4.8 4.3 
1839 1895 1124 
38.8 39.9 30.7 
1.9 1.8 1.0 
36.'1 26.7 0 .5 
1.1 0.9 0.0 
0.4 0.3 0.0 
1,1 1.0 0.8 
96.0 109.8 12.0 
5 .2 4,6 3.2 
1.9 1.8 1.4 
0 .7 0.7 0.4 
1.2 1.2 0.9 
85.8 87.5 54.8 
7 a 6.7 0.0 
10.4 10 .5 4.2 
0.6 0.6 0.1 
2.3 2.3 1.0 
119 104 49 
82 90 49 
447 481 173 
701 688 352 
., 
5.5 
2263 
40.8 
2 .5 
104 ,0 
5.' 
3' 
2.0 
197.5 
11 .2 
3.3 
1.2 
' .5 
108.1 
22.7 
14 .7 
,., 
3.3 
312 
113 
796 
.58 
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for habitat 2.1 than 2.2. Xeric fellfie td vegetation is mostly 
dominated by lichens and cushion bryophytes, although A. 
s8/ago always occurs and may be codominant. Another 
cushion dicot (Co/obanthus kerguelensisis) atso sometimes 
occurs. The vegetation of the Mesic Fellfield Habitat is dom-
inated by A. selago cushions on which grow graminoids 
such as Agrostis magellanica, Uncinia compacta and stunt-
ed plants of Poa cook;;. The pteridophyte B/echnum penna-
marina is often an important component of the vegetation in 
habitat 2.2. 
The Stope Complex comprises six habitats, dominated 
either by B. penna-marina or by the deciduous shrub 
Acaena magellanica and Brachythecium mosses. Habitats 
3.1 to 3.4 are dominated by B. penna-marina and consist of 
fernbrake communities which are a very conspicuous fea-
ture of the istand's vegetation. The Open Fernbrake Habitat 
(3 .1) covers large areas of the towland plains on the island 
(up to 300m a.s.I.). Ecologically, th is habitat is a succes-
sional stage between the Mesic Fellfietd Habitat (2.2) and 
Ctosed Fernbrake Habitat (3.2) and th is is reflected by its 
vegetation composition, being co-dominated by cushion 
dicots and pteridophytes, and containing epiphytic 
graminoid s, lichens and sometimes also cushion 
bryophytes. Some of fellfield communities (particularty those 
that occur at low altitudes) recognised in the phytosociolog-
ical classificalion of Gremmen (1981) belong to the Open 
Fernbrake Habitat. Accounts of the production and nutrient 
ecology of a succession from fellfietd to closed fern brake on 
the island are given by Smith (1987a, 1988a, b). 
Open Fernbrake Habita t soi ls are very similar to those 
under closed fern brake wi th respect to their chemical com-
position , being more organic, moister and having lower bulk 
density, pH and totat Ca and Mg levets, than fet lfietd soits. 
These differences are related to the input of organic matter 
by ptants and reflect the more advanced development of 
vegetation in open fern brake than in fe llfietd. Based on the 
whole soil profile , so its of the Open Fernbrake Habitat are 
clearly pedogenetically transitional between those of the 
Mesic Fellfield Habitat and those under closed fern brake. 
However, the soil chemistry values in Table 3 give a some-
what distorted picture of the affinities between the soils of 
the mesic fellfield , open fernbrake and closed fern brake 
habitats since they are for the top 15cm soil layer only. This 
layer is much more influenced by the vegetation in open 
fern brake than in fellfield but, underneath it, the soils of open 
fe rnbrake are much more similar to fellfield soils. In general, 
the soils under open fern brake are shallower, and the extent 
of horizon differentiation not nearly as advanced , than soils 
under closed fernbrake. 
The Ctosed Fernbrake Habitat is a particularly conspicu-
ous one, occupying many slopes below 300m a.s.l. , espe-
cially those with northerty or easterly aspects. The vegeta-
tion is overwhelmingly dominated by B. penna-madna 
which genera lly forms a pure carpet that may extend over 
many hundreds of square meters. Soils under closed fern-
brake are generally deep, always well-drained , and they 
show the most advanced horizon devetopment of all the 
island's soils. Closed fernbrake is the climax habitat on 
slopes that are not directty infiuenced by seabirds or sea ls. 
The Mesic Fernbrake Habitat (3.3) ocurs on soils that are 
Smith. Sleenkamp and Gtemmen 
more peaty than those under closed or open fernbrakes. 
Mire graminoids (especially Uncinia compacta but also 
Agrostis magel/anica) and mire bryophytes are more abun-
dant than in habitats 3.1 or 3.2, but the vegetation is still 
overwhelmingly dominated by B. penna-marina. The habitat 
is generall y found on less steep stapes than 3.1 or 3.2 and 
also occurs on areas that are quite flaL Ecologically, it rep-
resents a transition between closed fernbrakes and the Dry 
Mire Habitat (6.1) described later. The Dwarf Shrub 
Fernbrake Habita t (3.4) is less common than any of the 
other fernbrake habitats. It mainty occurs on slopes with 
impeded drainage or in sheltered depressions on slopes 
otherwise occupied by closed fernbrake. B. penna-marina 
and the deciduous sh rub Acaena mage/lanica dominate the 
vegetation. Brachythecium mosses and several other 
bryophyte species also occur, sometimes in appreciable 
amounts. 
The Slope Drainage Line and Streambank HabitaJ (3.5) 
occurs in drainage lines (tracks along which water flows sub-
surfacety) on slopes, and at so on the banks of streams on 
both slopes and in level areas. The vegetat ion is dominated 
by Acaena magel/anica and either Brachythecium mosses 
(mainly B. rutabu/um) or mire bryophytes (mainly 
Drepanocladus uncinatus) . 
The Spring and Flush Habitat (3.6) is also dominated by 
Acaena magellanica and Brachythecium mosses (mainly B. 
subplicatum) and is not restricted to slopes but also occurs 
in water tracks and at springs in more or less level areas 
where, in some instances, the peat and vegetation surface 
fioats on water and resembles a quaking bog. It is the 
wellest of the Slope Complex habitats, with soil moisture 
contents (c. 1050 to 1400%) as high as those of some of the 
mire habitats. The soils are also more mineral (higher total 
Ca and Mg, higher pH, less organic matler) than are the 
soits of al l the other slope habitats except 3.5. Soils of the 
Spring and Ftush Habitat are morphotogically different from 
those of other slope habitats , being more similar to soils of 
the Mire Drainage Line Habitat (6.4). 
The biotic indices for habitats of the Slope Complex are 
shown as being low in Tabte 2 and it is true that the Slope 
Complex habitats as defined by the CANOCO/clustering 
procedures are not influenced by seabirds or seals to any 
appreciabte extent (Smith and Steenkamp 2001). However, 
in reality there are many examples of slopes sites that are 
influenced to some extent by birds , (mainty burrowing petrel 
species) and several such sites were included in the 
CANOCO/clustering analyses . They fell in to the groups rep-
resenting habitats 3.1 , 3.4 or 3.5 but at a higher tevel than 
the other members of the groups, and were also linked at the 
same tevet to sites betonging to the tntand Tussock 
Grasstand Habitat (4.3; see below). These sites are ·ctearly 
transitional between a Slope Camp/ex habitat and inland 
tussock grassland but they were not included in the data set 
used to compi le Tables 2 or 3. 
The Biotic Grassland Complex consists of three habitats. 
The Coastal Tussock Grassland Habitat (4.1) is found 
almost exclusively in coastal areas heavily influenced by 
trampling and manuring by burrowing petrels, penguins and 
sometimes seals. It is overwhelmingly dominated by the tus-
sock forming grass Poa cookii. The tussocks sometimes 
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occur on low «30cm) pedestals of compacted fibrous peat. 
The only other plants which might occur are the mat dicots 
Callitriche antarctica and Mantia fontana , the rosette dicot C. 
plumosa and Poa annua. The Inland Tussock Grassland 
Habitat (4.2) is common on inland slopes supporting 
colonies of burrowing petrels but is also found near the coast 
in areas where the influence of animals is less severe than 
for habitat 4.1. Small examples of habitat 4.2 are also found 
on level areas surrounding wandering albatross and giant 
petrel nests. P cooki; is also dominant in inland tussock 
grassland but the grass tussocks are not pedestalled. 
Acaena magellanica, Brachythecium mosses (mainly B. 
rutabufum) and occasionally B. penna·marina are important 
components of the vegetation . Coastal tussock grassland 
soils are the most acid (mean pH 4.0) of the island soils; 
those of the inland tussock grasslands are mare acid than all 
but habitats 3.2 and 3.4. Both tussock grassland habitats 
have soils with high levels of organic and inorganic forms of 
Nand p, reflecting the manuring influence of animals. The 
vegetation and nutrient ecology of inland tussock grasslands 
is described by Smith (1976a, 1978). Tussock grassland 
(especially the coastal type) has the highest vegetation 
standing crop and annual primary production of all the 
island's vegetation types. 
The Pedestalled Tussock Grassland Habitat (4.3) occurs 
around king penguin rookeries and is dominated by Poa 
cookii tussocks on tall (30-100cm) peat pedestals , with 
Callitriche antarctica (sometimes also Mantia fontana and/or 
Poa annual in the hollows between pedestals. Habitat 4.3 
was not defined by the canonical correspondence and clus· 
tering procedures. The pedestals and hollows were sampled 
separately and the pedestals clustered with the Coastal 
Tussock Grassland Habitat (4.1) sites and the spaces 
between pedestals wi th the Biotic Mud Habitat (5.2) sites, or 
in some instances in the group corresponding to the Biotic 
Lawn Habitat (5.3). Combining the subsite vegetation and 
soil chemistry values after weighting them according to the 
relative areas occupied by pedestals and hollows created a 
group of composite sites with valid values for the relative 
covers of the plant guilds, but with a range of soi l chemistry 
values whose magnitude did not relate to the soil chemical 
composition of any actual soil type on the island and 
depended mainly on the ratios of pedestal to between-
pedestal areas. (In Table 2 the weighted relative covers are 
given for the habitat as whole, but in Table 3 the soil chem-
istry values are reported separately for the pedestals and 
the between-pedestal hollows). Habitat 4.3 corresponds to 
the Poa cookii - Callitriche antarctica mosaic recognised by 
Gremmen (1981), which also proved impossible to define 
phytosociologically. 
The Biotic Herbfield Complex comprises three habitats, all 
influenced by seabirds or seals. The Cotula Herbfield 
Habitat (5.1) is very widespread, and occurs from the coast 
to up to a kilometer inland. It is dominated by Cotula 
plumosa but P. coakii is often present. occasionally at a 
higher cover than Catula. Few other vascular plants occur 
and bryophytes are rare. The intensity of animal influence 
seems to be less here than in the case of the tussock grass-
land habitats; certainly it is much lower than at habitats 5.2 
and 5.3. However, this might be true only with respect to 
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trampling. rather than manuring. The concentrations of most 
soil chemistry variables indicative of soil fertility are very 
high; mean PO,-P, NH,-N and NO,-N concentrations are the 
third highest for all the habitats. Soil salinity indices 
(exchangeable and soil solution forms of Mg and all forms of 
Na) are also higher than at the other habitats, excepting 1.1, 
1.2. and 6.6. In the CANOCOI clustering results (Smith and 
Steenkamp 2001) several sites were grouped at a higher 
level with the Cotula Herbfield Habitat and the Coastal 
Tussock Grassland Habitat, and many biotically-influenced 
stands are intermediate. vegetat ion- and soil-wise, between 
the two habitats. 
The Biotic Mud Habitat (5.2) is found in areas very heavi-
ly influenced by manuring and (especially) trampling by 
seals and seabirds. It occurs mainly near the coast. in and 
immediately adjacent to seal wallows and penguin rookeries 
and is occupied by a pioneer vegetation dominated by the 
mat forming dicots Caflitriche antarctica and Montia fontana. 
Where the animal influence is especially severe (e.g. in ele-
phant seal wallows) C. antarctica dominates and may be the 
only species present. The soil consists of wet, organic muds 
that contain very high levels of inorganic forms of Nand P 
and are usually anaerobic. Small examples of habitat 5.2 are 
also found inland around wandering albatross or giant petrel 
nests where the peat is very wet and where the in fluence of 
animals is particularly strong . 
The Siotic Lawn Habitat (5.3) occurs in similar areas to 5.2 
(especially around elephant seal wallows and king penguin 
rookeries) but on th in peats underlayed by scoria that 
ranges in size from fine ash to ca. 2cm pebbles . Sometimes 
the peat layer is absent. The peats are drier and less organ-
ic than in 5.2, and contain substantially lower levels of total 
and NH4·N. However. total concentrations of Ca and Mg are 
much higher than in 5.2 , reflecting the greater influence of 
volcanic parent material. In addition to mat dicots, C. 
plumosa and the nitrophilous grasses P cookii and P annua 
are common in habitat 1.2. In fact, the importance of P. 
annua is greater than suggested by the relative covers of 
this grass in the six sites studied here (max. 40%, Table 2) 
for th is habitat. Many stands of 5.3 are overwhelmingly 
(some totally) dominated by P. annua and the overall 
appearance is of a dense, low-cropped lawn. 
The Mire Complex contains some of the wettest of the ter-
restrial habitats (only the Spring and Flush Habitat and the 
Biotic Mud Habitat are as wet) and covers about 50% of the 
island below 300m a.s.l. Habitats in the Mire Complex are, 
on the whole, physiognomically fairly similar and they share 
many common vegetation and soil chemical characteristics. 
Mire graminoids (Agrostis magellanica. Juncus scheuchzeri-
aides, Uncinia compacta), mire bryophytes andlor 
BryumlBreutelia mosses dominate the vegetation. The most 
conspicuous soil characteristics are high moisture content 
(mean 1 400% vs. 147 to 1 218% for all other habitats) and 
low bulk density (mean 80g dm", vs. >120g dm~' for all other 
habitats, excepting 3.6 and 5.2). The soils are also more 
organic and contain, on average, less than half the total Ca 
and Mg levels found at other habitats. 
The Dry Mire Habitat (6. 1) is the only mire habitat type 
where B. penna·marina is a significant component of the 
vegetation. The soils are much less organic than those of 
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other mire habitats, except the mire drainage lines (6.4). 
They also contain more total Ca and Mg and exchangeable 
Ca than other Mire Complex soils. Habitat 6.1 represents a 
transition between mi re and fernbrake (specifically the Mesic 
Fernbrake Habitat, 3.3) but also contains some sites that 
have some floristic (presence of cushion dicots, pterido-
phytes) and soil chemistry (low organic C, high total Ca and 
Mg contents) affinities with the Mesic Fel lfield Habitat (2.2). 
The Mesic Mire Habitat (6 .2) occurs on wetter, deeper and 
more organic peats than 6.1. It is most commonly found in 
ecotones between mires and fernbrake-dominated slopes. 
The dominant bryophyte is Jamesoniel/a colorata, with 
Blepharidophyl/um densifolium sometimes codomina n!. 
Both these species give the surface a reddish-brown 
appearance. There is generally a substan tial canopy of 
Agrostis magellan/ca and Unc/nia compacta. 
The Wet Mire Habitat (6.3) comprises a range of plant 
communities, ranging from pioneer communities dominated 
by graminoids and thick mats of bryophytes around ponds, 
tarns and lakes, through bryophyte-dominated, very wet 
depressions where the water table is at or just below the SUf-
face for much of the time , to a high cover of both graminoids 
and bryophytes on deep consolidated peats where the water 
table might be up to 20cm below the surlace but where cap-
illarity ensures that the surface layer remains saturated. 
The Mire Drainage Line Habitat (6.4) is found in drainage 
lines and water tracks through mire areas and is dominated 
by the mosses Bryum laevigatum and Breutelia integrifolia. 
The peats are far less compacted than those in habitat 6.3, 
and contain appreciable amounts of volcanic ash. Mostly, 
they overlie a layer of volcanic ash or scoria pebbles, ra ther 
than impervious rock or an indurated organic pan as is often 
the case for the other mire habita ts. For this reason they are 
generally better drained than most of the other mire habi tats, 
which might account for the relatively low soil moisture can· 
tents indicated for habitat 6.4 in Table 3. However, mire 
drainage lines are actually much wetter for most of the time 
than is suggested by those values; crossing them is gener-
ally a matter of wading rather than walking. Soi l moisture 
content fluctuates greatly and rapidly in the habitat; soon 
after the onset of ra in, water pushes up and flows along the 
su rlace. This water probably orig inates outside the drainage 
line and pushes up through the ash/pebble layer. The influ-
ence of th is subsu rface water is shown by the much higher 
soil pH (mean 5.8) for habitat 6.4 than for any of the other 
mire habitats (mean 4.7 to 5.1). 
The Biotic Mire Habitat (6.5) occurs where mire vegetation 
is influenced by seabirds or seals, generally in the form of 
enrichment by groundwater seeping in from surrounding 
manured areas rather than direct deposition of excreta. It is 
strongly dominated by a single brophyte species , 
Clasmatocolea vermicularis, often codominated by the mat 
dicot Montia fontana. Two other mat dicots, Callitriche 
antarctica and Ranunculus biternatus sometimes also occur. 
Agrostis magel/anica is the most common graminoid but 
small P cookii tussocks occur in drier representatives of 
habitat 6.5. Expectedly, peat concentrations of total and inor-
ganic forms of Nand P in this habitat are considerably high-
er than in any of the other mire habitats. Clasmatocolea ver-
micularts is also the dominant species (other bryophytes are 
Smith. Steenkamp and Gremmen 
extremely rare) in the Saline Mire Habitat (6.6), which is co-
dominated by Crassula moschala. Two other species that 
occur commonly, but never in any abundance, are Agrostis 
magel/anica and Ranunculus biternatus. Cal/itriche antarcti-
ca occurs occasionally. The habitat is uncommon and found 
only where there is impeded drainage on compacted peats 
subjected to heavy deposition of salt-spray. The soil salinity 
variables (all forms of Na, exchangeable and soil solution 
Mg) consequently attain high values in this habita!. 
The Polar Desert Habitat (7.1), on its own in the Polar 
Desert Complex, covers about 120km' of the 290km' total 
island area, and is the only one found above 550m alti tude 
on the northern and eastern parts, and above 500m on the 
western and southern parts, of the island. It is dominated by 
physical, rather than biological, processes and there are no 
soils; sometimes a thin, grit·like layer of volcanic ash occu rs 
under and between the rocks, or the habitat may be found 
on large expanses of unconsolidated deposits of pebble-
sized scoria with only the occasional rock or boulder on the 
surface. The surface shows various relict and active 
periglacial features and is occupied by a very low cover 
(generally less than 1%) of mosses and lichens. The moss 
cover may reach up to 50% or more in protected sites or 
where snow· melt accumulates, but such sites are very 
local ised (seldom more than 2 or 3m' ) and they are sur-
rounded by large expanses (sometimes tens of hectares) of 
bare rock, with only the occasional cushion-forming moss or 
crustose lichen. The mosses are all cushion or ball-formers, 
the dominant ones being Andreaea acutifolia , A regularis, 
A. marginata, Bartramia patens, Dicranella gremmenii, 
Ditrichum subaustrafe , D. strictum , Grimmia kidderi, 
Notologotrichum cf. tristaniense, Philonotis scabrifolia and 
Racomitrium orthotrichaceum (Ochyra and Bednarek· 
Ochyra 1999). The lichens are mainly crustose forms and 
only a few have been identified (Pannaria dichroa, P hook-
eri, Placopsis bicolor, P cf, cribel/ans) . Azorel/a selago is the 
only vascular plant in the habitat and it occurs at low cover 
values , rare ly more than 2% and then only at altitudes below 
650m. It is absent above 800m a.s.1. 
There were no Polar Desert Habitat examples in the data 
set subjected to the CANOCO/ clustering procedures (Smith 
and Steenkamp 2001). The habitat was added to the habitat 
classification on an ad hoc basis because it is such a domi· 
nant feature of the mid and high altitude regions of the island 
(Table 1). No polar desert sites were considered in the phy-
tosociological study (Gremmen 1981) and nothing has been 
published on the biology or ecology of the habitat. 
Comparison with previous classification 
The habitat classification gave a broader grouping (23 habi-
tats) than Gremmen's phytosociological one (41 plant com-
munities, plus variants of some communities). However, 
because it was based on plant types and soil chemistry con-
siderations, ra ther than just plant species, the habitat group-
ings can be be considered as nodal assemblages of plant 
communities having vegetat ion and edaphic affinities. They 
can thus be considered analogous to the six community 
complexes of the phytosociologica l classification since those 
complexes were recognised on the basis of ecological and 
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edaphic factors as well as floristic considera tions. In this 
respect , the habitat classification gives a more detailed 
grouping of sites than the phytosociological scheme. It is 
also more detailed tha n the five nodal ecological complexes 
constructed for the island vegelation by Huntley (1971). In 
particular, biotlcally-influenced communities are floristically 
and edaphically the most diverse ones on the island and in 
the habitat classification they are distinguished as seven 
habitats in three separate habitat complexes, rather than in 
one complex as in both previous schemes . 
Altitudinal distribution of the habitats 
Even in the island's lowlands , sparsely vegetated areas are 
common; Mesic FeJlfield Habi tat occupies 32% of the area 
below 100m a.s.l., nearly 70% more than the next most com-
mon habital, Closed Fernbrake (Table 1). Together, fellfield , 
closed fernbrake and mires cover 73% of the area below 
100m a.s.1. Unsurprisingly, the Coastal Salt-spray Complex 
is restricted to this region, and 99% of the total area occu-
pied by habitats influenced by seals and seabirds (those in 
biotic complexes 4 and 5, and also habitat 6.5) occurs below 
100m altitude. What is surprising though , is that bioticaJly-
influenced habitats, which are so conspicuous they give the 
impression of being archetypical of the island, and which 
have enjoyed the lion's share of research atten tion there, 
occur on only about 7% of the lowland area, and less than 
2% (c. 455ha) of the island as a whole. 
Up to 300m altitude, closed fernbrake is by far the most 
extensive of all the slope habitats. Of .the mires, the Dry 
Mire , Mesic Mire and Wet Mire habitats are the most exten-
sive types below 100m a.s.l. but between 100 and 300m the 
Mire Drainage Line Habitat is considerably more extensive 
than the Wet Mire Habitat. The importance of sparsely veg-
etated habitats increases very strongly with altitude; togeth-
er, habitats 2.1, 2.2 and 7.1 comprise 35% of the 0- 100m 
zone, 83% of the 100-300m zone, 99.5% of the 300-500m 
zone and 99.9% of the area above 500m a.s.1. Truly, if any 
habitats can be said to be archetypical of the island, it is the 
feJlfield and Polar Desert ones. 
Habitat succession and climatic change 
Marion Island is influenced by the cold Bouvet Current and 
has a hyperoceanic climate that is one of the most thermal-
ly-s table ones on earth; the difference between mean tem-
perature of the coldest and warmest months is only 3.6°C 
and the mean diurnal temperature variation is only 1.9°C. 
However, the island 's climate has changed markedly since 
the late 19605 (Smith and Gremmen 2001). Annual mean 
temperature has increased steadily (Figu re 1) at an average 
warming ra te of 0.04°C per year between 1969 and 1999, 
which is remarkable considering the island's hyperoceanici-
ty. Annual precipitation decreased markedly since the 19605 
(Figure 1) and the 19905 was the driest of the five decades 
that precipitation has been measured at the island; average 
annual total for the 1990s was nearly 700mm lower than that 
for the 19605. 
Similar climate changes have been reported for three 
other sub-Anta rctic islands (for Macquarie Island by 
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Adamson et a/. 1988; Kerguelen Islands by Frenot et a/. 
1997; Heard Island by Budd 2000). The chamges have 
implications for the islands' indigenous biota, especially the 
terrestrial species, which have all evolved under the cool, 
humid conditions typical of sub-Antarctic islands. Smith and 
Steenkamp (1990) proposed some scenarios of the direct 
effects of warming (and drying) for the biota of Marion Island 
and the results of subsequent case studies on particular 
taxa have supported those scenarios (Chown and Smith 
1993, Kloppers and Smith 1998, Huyser et a/. 2000, Smith 
and Gremmen 2001 ). In Table 4 we propose how the 
island's terrestrial habitats might respond to climatic change 
(temperature, moisture) and other perturbations (increasing 
or decreasing influences of salt-spray and manuring by ani-
mals). The proposed responses are based on an analysIs of 
the positions of the si tes on the CANOCO axes on which the 
habitat classification was based (Smith and Steenkamp 
2001). We attempted to predict how the site positions would 
move along the gradients represented by the CANOCO 
axis-combinations in response to the perturbations . In mak-
ing these predictions we used the soil chemistry information 
in Table 3 and re-appraised the botanical and environmental 
data from 510 sites studied by Gremmen (1981 ) and the soit 
and air temperatures reported in Huntley (1971), Smith 
(1987a, b) , Chown and Crafford (1992), Smith et a/. (1993) 
and Blake (1996). However, some of the predictions are 
subjective and are based on an appreciation, resulting from 
the authors' collective 75 years research experience on 
Marion Island (and colder sub-Antarctic islands such as 
Heard Island and South Georgia), of how ecological pat-
terning in the terrestrial SUb-Antarctic is related to environ-
mental forcing variables. 
The current cl imatic change scenario at the island is one 
of warming and drying , and the nrst and third columns of 
Table 4 suggest that decreasing moisture is of greater 
importance than temperature change in determing the direc-
tion in which the habitats will change. Whether the cl imate 
becomes warmer and drier, or colder and drier, the succes-
sion wi ll be toward fellfields and open fernbrake at areas not 
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Figure 1: Average annual mean air temperature (circles) and aver-
age annual precipitation (triangles) at Marion Island (or successive 
5-year periods between 1950 and 1999. Reproduced, wi th permis-
sion, from Smith and Gremmen (2001) 
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Table 4: Suggested succession of habitats in response to environmental change. The number indicates the habitat that will succeed the one 
in the first column should the environmental change in the way specified by the column heading. indicates that there will be no change Land 
H indicate what would happen to a habitat In the lower and higher parts of its altitudinal range respectively 
Habitat Warmer Warmer Colder and Colder and More Less More Less 
and Dryer and Wetter Dryer Wetter Bio tic Biotic Salt Salt 
1. 1 Coastal Herbfield Habitat 1.2 6.6 1.2 6.6 5 1 3 1. 3.2. 33. 
61 . 6.2 
1.2 Coastal Fellfield Habitat 1. 1 1.1 4.1. 5.1 2.2 
2.1 Xeric FellfieJd Habitat 2.2 7. 1 - . 4.2 1.2 
2.2 Mesic Fellfield Habitat 2.1 3.1 2 1 5.1. 4 2 12 
3.1 Open Fernbrake Habitat 2.2 3.2 2.2 (L.3.2. 6.1) 4.2 1.2 
(H: 2.2) 
3 2 Closed Fernbrake Habitat 3.1 33 3.1 3.3 4.2 1.1 
3.3 Mesic Fernbrake Habitat 3.2 6.1 3.2 3.4. 6.1 4.2 1.1 ? 
3.4 Dwarf Shrub Fernbrake Habita t 3.2 3.5 3.2 35 4.2 1,1 ? 
3.5 Slope Drainage Line and 3A? -.3.6? ? - , 3.6? 4.2 1.1. 
Streambank Habitat 
3.6 Spring and Flush Habitat 3.3 , 3.4. 3.5 3.5. 5.2? 6.6 
4.1 Coastal Tussock Grassland - . 4.3 5.1 4.2 
Habitat 
4.2 Inland Tussock Grassland 3.2. 3 1 4.1 
Habitat 
4.3 Pedestalled Tussock Grassland 4. 1. 5.1 - . 5.1 
Habitat 
5.1 Cotula Herbfield Habitat - . 4.1 - . 6.5 -.1 .27. 41 - .6.5 4.1. 5 2. 1.1. 3.2 -, 1. 1? - . 3.2 
5.3 
5.2 Biotic Mud Habitat 5.1, 5.3 5.1.5.3 5.1.6.5 
5.3 Biotic Lawn Habitat 5.2.6.5 
6.1 Dry Mire Habitat 3.3 6.2 3 1 
6.2 Mesic Mire Habitat 6.1 6.3 6. 1 
6.3 Wet Mire Habitat 6.2 6.2 
6.4 Mire Drainage Line Habitat -. 6.3 -. 6.3 
6.5 Biotic Mire Habitat 5.1 
6.6 Saline Mire Habitat 1.1 
7.1 Polar Desert Habitat 2.1 2.1 
directly manured by seabirds or seals. Similarly, mesic fern-
brakes (slopes) or mires (more level areas) are the climax 
habitats under a wetter climate, whether the increased mois-
ture is accompanied by warmer or by cooler conditions. 
Many examples of these wet-la-dry and dry-la-wet changes 
have been observed on the island over the past 30 years 
(associated with changes in drainage patterns rather than in 
climatic moisture per S8) and their influence on plant com-
munity succession has been described by Smith (1987c). 
Gremmen (1981) also demonstrated very convincingly that 
soil moisture regime is a cardinal determinant of what vege-
tation type develops at a particular locality on the island. 
It seems that the tussock grassland habitats will not 
change as temperature or moisture changes; manuring and 
trampling are their most important determinants. The occur-
rence and areal extent of tussock grassland (especially in 
the inland type) declined markedly between the early 1970s 
and late 1980s. For example. the Inland Tussock Grassland 
Habitat occupied 7.8ha of a 1 040 hectare study site on the 
island's eastern coaslal plain in 1971 /72 (Smith 1976b. 
1977). This shrunk to 0.9ha by 1991 (unpublished data . 
VRS) . While this observation was made on only a small por-
tion (c. 8%) of the lowland area that supports closed vege-
5.1 
1.1 
5 2.6.5 5.1 . 3.5 
6.2 4.2 1 1 
6.3 42 . 6.5 1.1. 6.6 
6.5 6.6 
6.5 6.6 
5.2 6.6.6.2. - . 6.6 
6.3 
6.5 6.1 to 6.4 
(L.2.1) -7 
(H: - ) 
tation, the same trend has been observed over the whole 
island for Ihe phytosociological homologue of the Inland 
Tussock Grassland Habitat. the Leptodontio prol iferi-
Poe tum cookii association, subassociation brachythecieto-
sum rutabul i; both the occurrence and the size of the stands 
occupied by this community has declined since 1975 (NJMG 
unpublished permanent quadrat data). Mostly. the inland 
tussock grasslands have been replaced by closed fernbrake 
or dwarf shrub fernbrake. The reason for this shrinkage of 
tussock grasslands cannot be explained with any certainty 
but we are satisfied that it is related to the influence of feral 
domestic cats (Felis calus) on burrowing Procellarids at the 
island during the same period. Cats were introduced to the 
is land in 1949 and their population grew rapidly. by 23% per 
year so that by the mid 1970s it was estimated at c. 2 100 
adults (Van Aarde 1979). Undoubtedly. the cats had a dev-
astating effect on the island's Procellarid species; in the mid-
1970s they were eating a minimum of 635000 petrels and 
prions each year (Van Aarde 1980). Where petrels and pri-
ons burrow into slopes, their guano enriches the soils (Smith 
1976a) and this results in a succession to tussock grass-
land. When the birds disappear the tussock grassland 
reverts surprisingly quickly to one of the non-biotically influ-
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enced slope communities. In the case of the tussock grass-
land sludied by Smilh (1976a) , Ihere were 1.2 burrow 
entrances per square meter in 1972: by 1987 there were no 
burrows and the area was occupied by closed fe rnbrake (in 
the wetter areas by dwarf shrub fernbrake). With the elimi-
nation of cats (the last was killed in 1991 , Bester et a/. 2000) 
there are indications that the petrel and prion populations 
are recovering (Cooper et al. 1995) and it remains to be 
seen whether this will reverse the shrinkage of the tussock 
grasslands. 
Another biotic factor that is increasingly affecting the 
island's vegetation, particularly that of the coastal zone is 
the rising population of fur seals. Trampling by these animals 
has changed extensive areas of tussock grassland into 
degraded or fragmentary examples of Biotic Herbfield 
Habitat. Biotic Lawn Habitat or, in extreme cases, Biotic Mud 
Habitat. A similar situation has occurred on Bird Island, 
South Georgia, where fur seals have destroyed most of the 
tussock grassland (Bonner 1985). 
The last two columns are included in Table 4 because 
there are indications that the velocity and (more importantly) 
the direction of wind at the island is changing (unpublished 
data, South African Weather Bureau). Winds with a wester-
ly (especially northwesterly) component are by far the most 
prevalent and strongest so that salt-spray dominated habi-
tats (1.1 and 1.2) are restricted to wi lhin 50m of the shore on 
the island's east and south coasts but on the north and west 
coasts they are found further (up to 250m) inland. Easterly 
winds are becoming increasingly more common , and also 
stronger, so perhaps the salt-spray dominated habitats will 
increase their extent on the eastern part of the island. 
Mostly, this will be at the expense of habitats in the Fel/field 
Complex and Slope Complex but the Coastal Herbfield 
Habitat could also replace Cotula Herbfield Habitat. Colula 
plumosa plants in the former are are generally less than 
10cm diameter and less Ihan 4cm tall , whereas in the latter 
they are mostly larger, up to 25cm high and 30cm in diame-
ter. The decisive factor in the habitat dassication is that the 
halophytic erect dicot Crassula moschata occurs in the 
Coastal Herbfield Habitat but there are actually many si tes 
with intermediate-sized Cotula plants, some of which have 
some C. moschata. These sites showed soil chemistry char-
acteris tics that are intermediate between the two habitats 
and it is likely that they reflecl a conlinuum between habitats 
1.1 and 5. 1 in the relative intensities of salt-spray versus ani-
mal manuring. 
A shortcoming of the habitat classification scheme that 
diminishes its usefulness as a framework against which to 
evaluale Ihe effects of climatic change is that it does not take 
into account the increasingly important role of introduced 
plant species in community structure, function and dynamics 
at the island . Only one alien plant species was accorded any 
importance in the classification (Poa annua, as the key 
species in the Biotic Lawn Habitat) but others are changing 
the characteristics of particular habitats, in some cases to 
such an extent that the original identity of the habitat is lost 
(cu rrently Ihe most notable in this regard are Agrostis 
stolonilera and Sagina procumbens) . Alien plants affect the 
edaphic and hydrological characteristics of, and cause a sig-
nificant decrease in plant and animal diversity at, the sites 
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that they invade (Chown et al. 1998). In terms of how cl i-
matic change will influence the island's biota and ecology, 
Bergstrom and Chown (1999) argue that the greatest effect 
wi ll probably be that a warmer climate will enhance the suc-
cess of alien plants and animals that have already reached 
the island, and increase the ease with which new species 
can reach and establish there). Future research will concen-
tra te on the role of alien plant species in defining the habitat 
types on the island. 
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